Abstract. Solar activity varied widely over the 14 year lifetime of the Pioneer Venus Orbiter, and these variations directly affected the properties of the nightside ionosphere. At solar maximum, when solar EUV was largest, the Venus ionosphere was found to extend to highest altitudes and nightward ion transport was the main source of the nightside ionosphere. At solar minimum, nightward ion transport was reduced, and electron precipitation was thought to be the main source. In this study, we have attempted a separation of spatial variations from temporal variations by examining the altitude profiles of the magnetic field, and electron density and temperature for three different solar EUV flux ranges. In the upper ionosphere and near-planet magnetotail (h > 1800 km), the solar EUV effects are significant. The electron density decreases about an order of magnitude from high to low EUV flux, while the electron temperature at least doubles. The magnetic field also increases 2 -3 nT. In the lower ionosphere (200 -600 km), lower EUV fluxes are associated with slightly reduced density, and higher temperature. These results are in accord with recent entry phase observations, where the electron density measured above the ionospheric density peak is lower than that observed at solar maximum during the early Pioneer Venus mission.
Introduction
The entry of the Pioneer Venus Orbiter (PVO) into the low altitude Venus ionosphere occurred at a time of intermediate solar activity, when the nightside ionosphere was likely to be different from the ionosphere observed early in the mission. The earlier measurements of the PVO at solar maximum revealed that there is a surprisingly large nightside ionosphere on Venus [Brace et al., 1987] . This ionosphere is produced by a combination of ion flow from the dayside and local ion production by energetic electron impact. The absence of a planetary magnetic field permits this nightward flow, which seems to have a relative importance that varies with solar activity (e.g. Knudsen et al. [ 1987] ). Larger flows occur at solar maximum when the dayside density is high, while local production may be more important than transport at solar minimum [Gringauz et al., 1979; Brace et al., 1990] when the amount of nightward flow is reduced due to lower-
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0094-8534/93/93 GL-02484503.00 ing of the ionopause altitude. The solar cycle variation in the nightside ionosphere is likely to be larger than in the dayside because of the large changes in the nightward ion flux that helps maintain the nightside ionosphere. Knudsen [1988] used ion measurements to infer the presence of a strong solar cycle variation in the central nightside ionosphere up to 2000 km. Knudsen found a significant discontinuity in the median density altitude profiles from the high altitude near-solar minimum and the low altitude near-solar maximum data. He concluded that this apparent jump in density with altitude between the two different periods was due to a solar cycle variation, rather than a ledge in the ion density at that altitude. In his study them was no overlap in the coverage at any altitude for low and high solar activity. This is because significant changes in the PVO periapsis altitude occurred during the 14 year lifetime of the mission, roughly in anti-phase with the solar cycle.
In this study we analyze the effect of solar EUV on the nightside ionospheric structure in more detail than in previous studies, using data from 1979 to 1987. This complements the entry phase studies of Theis and Brace [ 1993] and Russell et al. [ 1993] . Because the EUV flux is expected to have an immediate effect on the plasma density of the dayside ionosphere and the nightward plasma flow, we use the daily EUV level (the VEuv index) rather than the seasonal average in characterizing the observations. The VEU V index was derived by Brace et al. [1988] from the photoelectron emission current resulting from EUV illumination of the PVO Langmuir probe. These values vary significantly from day to day as the Sun rotates, especially at solar maximum. Thus it is possible to encounter a range of EUV activity at any altitude, allowing us to determine the altitude dependence at different levels of EUV flux. In this study, however, we have not made any distinction between short-term (28 day) and long-term (solar cycle) EUV variations. This distinction may be important at the lowest altitudes, where the coupling between the neutral atmosphere and ionosphere is greatest [Brace et al., 1990] . On the other hand, the high altitude ionosphere is more likely to respond to both solar cycle Number of 12s h•tervals Although PVO observations were obtained for more than an entire solar cycle, changes in the periapsis altitude make it difficult to separate the altitudinal structure from the temporal or solar cycle variation. The evolution of the PVO orbit has allowed the main nightside ionosphere to be examined only during solar maximum, while the measurements of the upper ionosphere mainly were made near solar minimum. We have used statistical results to show that apparent discontinuities in the altitude profiles are caused by a variation of the solar EUV flux and are not due to a true altitude variation.
In the upper ionosphere above 1800 km, there are some significant changes for the plasma and magnetic field for different solar EUV conditions. For low EUV flux levels, the electron density decreases about an order of magnitude, relative to high EUV flux. Accompanying this change, the electron temperature doubles, while the magnetic field is enhanced by about 2'-3 nT. These variations are consistent with the weakening of ion transport from dayside to nightside due to the decline of the dayside ionosphere density and terminator ionopause altitude for lower EUV fluxes. The associated depression in the electron density should be accompanied by an increase of magnetic field and electron temperature to maintain pressure balance with the magnetosheath. Both are expected to increase since there is likely to be greater magnetic field transport and heat flux from the magnetosheath when the ionosphere is depleted [Theis and Brace, 1993] .
At lower altitudes the solar EUV effect is somewhat smaller. Theis and Brace [ 1993] show that the electron density peak is essentially the same during the entry phase, compared to the early mission. Using the high and intermediate EUV flux curves as a guide in extrapolating the low EUV flux measurements to altitudes in the range 200-600 km (i.e., above the density peak), we expect the average electron density should drop by about a factor of 4. The electron temperature should slightly increase, while the magnetic field will have no obvious change during solar minimum. This is consistent with the entry phase results of Theis and Brace [ 1993] and Russell et al. [ 1993] .
Our results suggest that the solar EUV variation strongly controls the structure of the nightside ionosphere. We note that this is a different phenomenon in some sense than the "disappearing ionosphere" [Luhmann and Cravens, 1991] which occurs when transport is cut off during high EUV conditions because of high solar wind dynamic pressure. However, the solar cycle variation of solar wind dynamic pressure will also play some role in controlling the night-
